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The  conditions of transition from a r e a l  polydisperse to a fictitious 

monodisperse bed are  examined .  A formula is obtained for ca lcu la t ing  

the equiva len t  d i ame te r  in terms of the weight character is t ics  of the 

bed fractions. A polydispersity cr i ter ion,  which takes into account  

the effect  of g ranu lomet r ic  nonuniformity on the f luidizat ion ve loc i ty ,  

is introduced.  Exper imenta l  data on polydisperse mater ia l s  are  t reated 

in the manner  proposed. A ca lcu la t ion  formula is der ived.  

In ana lyz ing  e x p e r i m e n t a l  da t a  on the f lu id iza t ion  of 
p o l y d i s p e r s e  beds  the f o r m a l  t r a n s i t i o n  to a f i c t i t i ous  
m o n o d i s p e r s e  bed i s  ach ieved  by in t roduc ing  an equ iv -  
a lent  d i a m e t e r  (de). The choice  of f o r m u l a s  for  c a l -  
cu la t ing  the equiva len t  d i a m e t e r  is  d e t e r m i n e d  by the 
s t a r t i n g  condi t ions  for  the r educ t ion  of the p o l y d i s -  
p e r s e  to a f i c t i t ious  m o n o d i s p e r s e  bed  [1-6] .  

Most  popu la r  is  the f o r m u l a  

100 
= ~ g~ (1 )  

de z~ di 

This  f o r m u l a  was obtained fo r  t r a n s i t i o n  f r o m  a r e a l  
p o l y d i s p e r s e  bed to a f i c t i t ious  m o n o d i s p e r s e  bed with 
an equal  number  of p a r t i c l e s  and equal  s u r f a c e  a r e a .  
The f o r m u l a  has  been m o s t  wide ly  used  in connec t ion  
with the in te rna l  p r o b l e m  of f l u i d i z e d - b e d  h y d r o d y -  
n a m i c s  [4, 5]; however ,  i t  i s  su i t ab le  only fo r  beds  of 
p a r t i c l e s  of the s a m e  dens i ty .  

We have not encoun te red  any pub l i shed  f o r m u l a s  for  
ca l cu la t ing  the equiva lent  d i a m e t e r  of p o l y d i s p e r s e  
beds  cons i s t i ng  of p a r t i c l e s  of d i f fe ren t  dens i ty .  

In r e l a t i o n  to the e x t e r n a l  p r o b l e m ,  i t  m o s t  con-  
venient  to a s s u m e  that  the number  of p a r t i c l e s  and 
the i r  vo lume and weight  a r e  the s a m e  for  the r e a l  
p o l y d i s p e r s e  and the f i c t i t i ous  m o n o d i s p e r s e  b e d s .  

The s t a r t i n g  condi t ions  for  the t r a n s i t i o n  m a y  be 
w r i t t e n  as  fol lows:  

k k k 

i=i i=l i=l 

The a p p a r e n t  dens i ty  of the p a r t i c l e  m i x t u r e  is  

k 

i=1 

The weight  of the r e a l  p o l y d i s p e r s e  bed is 

k • d~ (2) 
6 = ~  n~ PT. 

i=1 6 

Afte r  t r a n s f o r m i n g  Eq. (2) we find that  the equ iva -  
lent  d i a m e t e r  of the p a r t i c l e s  of a p o l y d i s p e r s e  bed 
c ons i s t i ng  of f r a c t i o n s  d i f fe r ing  with r e s p e c t  to both 
s i ze  and dens i ty  can be c a l c u l a t e d  f r o m  the f o r m u l a  

d e = V  1 / P ' ( E  ~ / * p ,  di ] (3) 

In o r d e r  to ca l cu l a t e  the equ iva len t  d i a m e t e r  of the 
p a r t i c l e s  of a p o l y d i s p e r s e  m i x t u r e  of m a t e r i a l s  of 
i den t i ca l  dens i ty  it i s  p o s s i b l e  to use  the f o r m u l a  

- g~ (4 )  de= 1 d~ 

The use  of f o r m u l a  (4), as  c o m p a r e d  with (1), in ten-  
s i f i e s  the ef fec t  of the f ines  on the equiva len t  p a r t i c l e  
s ize .  In the tab le ,  va lue s  of the equ iva len t  d i a m e t e r s  

Table  1 

C o m p a r a t i v e  Values  of Equivalent  D i a m e t e r s  Ca lcu la ted  f rom F o r m u l a  
(1) and the A u t h o r s '  F o r m u l a  (4) 

di, mrn gi d e acc. to (1), d e acc. to (4), 
mm mm Discrepancy, % 

4.37 
5.79 

4.37 
5.79 
9.85 

4.37 
5.79 
9.85 

12.91 

4.37 
9.85 

12,91 
18.56 

0.507 
0.493 

0.2335 
0.2474 
0.5190 

0.1655 
0.1515 
0.1985 
0-4845 

0.1280 
0.1820 
0.2700 
0.4200 

4.98 

6 -70 

8.32 

10-96 

4.87 

6.00 

7.07 

8.05 

2.2 

10.4 

15.0 

26.4 
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Fig. i. Fluidization curves for monodisperse (a) and 

polydisperse (b) beds. 

calculated from formulas (i) and (4) are compared. 
The discrepancy is the greater, the more complex 

the mixture. Although it is one of the principal param- 

eters of a polydisperse fluidized system, the equiva- 

lent diameter cannot characterize it completely. As 
pointed out in [8, 9], for the complete characterization 
of a polydisperse system, in addition to the equivalent 

diameter, it is necessary to introduce a polydispersity 

characteristic. 
We will compare the fluidization condition for mono- 

and polydisperse beds with the same equivalent diam- 
eter (Fig. i). Both beds have the same equivalent 
diameter and the same particle number and volume. 

They differ not only with respect to the critical fluidi- 

zation velocity but also with respect to the contact 

surface between the particles and the fluidizing agent. 

The difference in contact surfaces should be taken 

into account by introducing the parametric criterion 

F . . . .  Nd~ 
k 

F poly ~ hid2 

k 

N =  ~ n i, 
2=1 

(5) 

k 

E 6 gi 2 
P . . . .  t=l 02 - -  ~ d3i ~ de d2e ^d3 

6 2=I ~"2 (6) 
k k 

�9 = Pi ~x d~ i=1 P2 d~ 

F poly 

The d i f fe rence  in the f lu id iza t ion  ve loc i t i es  of the 
beds  mus t  be taken into account  by in t roducing the 

n u m b e r  wf poly/Wf mono- 
When a bed of monod i spe r se  spher ica l  p a r t i c l e s  is 

f luidized,  the p a r t i c l e s  begin to move s imul taneous ly .  
A s s u m i n g  that the fo rces  act ing on a pa r t i c l e  a re  p r o -  
por t iona l  to the square  of the d i a m e t e r  ( s u r f a c e f o r c e s )  
[13], for the m o n o d i s p e r s e  f r ac t ion  of equivalent  d i a m-  
e te r  we obtain 

Wf . . . .  ~ d~. 

For  po lyd i sperse  spher ica l  pa r t i c l e s  complete 
t r a n s i t i o n  to the f luidized state  coincides  with the 
mot ion  of the l a rges t  f rac t ion.  Then for  the po lydis -  
p e r s e  bed, bea r ing  in mind  that co l l i s ion  forces  a re  
also sur face  forces ,  we obtain 

EO f mono ~ d2 max 

and 

~.~ f poly dmax 

Wf mono ~ ~ " 

The two d i me ns i on l e s s  n u m b e r s  in t roduced re f lec t  the 
subs t i tu t ion  of a monod i spe r se  for a po lyd i spe r se  bed 
and can be grouped to obtain the d i m e n s i o n l e s s  com-  
plex [10] 

.... ) ~ ) 

Ik I() d ~  gl ---Sg- 
__ i=i Pidt d~ax = 

.= P," d 2 

k d~ k 3 
E g/ max gmaxi~lgtPmaxdrnax 

dmax gmax P1 da _ _  i=' P~ d3 - -  "= 

k 
Z gi gmax ~-~ gt Pmax dmax 

z=1 Pl d2 dmax ~ gmax P2 d2 

k d3 Z gi [3rnax max 

~=1 gmax Pt d~ 
- -  ~.  (5a) 

~ g~ Pm~ dmax 

i=l gmax P~ d~ 

For  a po lyd i spe r se  bed of p a r t i c l e s  of ident ica l  densi ty  

k d3 
E g i  max 

Me = i=l  gmax d~ (5b) 
k 

Z g~ d~a~ 

i=1 gm~ d~ 

An ana lys i s  of this  d i m e n s i o n l e s s  complex shows 
that i ts  n u m e r a t o r  is  nothing other than the n u m b e r  
of p a r t i c l e s  in the mix tu re  pe r  pa r t i c l e  of the l a rges t  

f ract ion:  
k 
V a d~o~ 

After transformations the denominator can be repre- 

sented as a parametric criterion of the type 

g~a~ dJd~a~, 

where d e is the equivalent diameter calculated from 

formula (i) [71. We will assume that (5a) or (5b) is the 
criterion taking into account the effect of the granulo- 
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Fig. 2. Dimensionless velocity of polydisperse material 
in the critical state (i, 2, 3--fluidization of MSN with hy- 

drogen, air, and carbon dioxide, respectively; 4 and 5-- 

fluidization of silica gel and steel pellets with air; 6-- 
fluidization of aluminosilicate with air at pressures of 
1-16 arm; 7--fluidization of Khalilovsk ore with air at 

temperatures from 20 to 400 ~ C). 
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metric composition on the critical fluidization velocity 
of the polydisperse bed. 

The criterion obtained belongs to the class of criteria 
of parametric type with a natural scale. It is known 

that any dimensionless complex obtained from equa- 
tions can be reduced to a parametric criterion with a 
physical scale of reference [i0]. In a polydisperse 

bed the presence of geometric (granulometric) non- 

uniformity leads to the appearance of specific physical 

phenomena (progressive fluidization). The particle 

geometry effect can be taken into account only through 

a parametric criterion, since the geometric charac- 

teristic of the system is given in the bounday condi- 

tions. Thus, the criteria obtained as arguments can 

be divided into two groups. The first includes the 

criteria-complexes (they may be regarded as paramet- 
ric criteria with a physical scale of reference) char- 
acteristic of both monodisperse and polydisperse beds 

and reflecting the hydrodynamic nature of fluidization 

[13] ; the second group includes the parametric criteria 
with a natural scale of reference characteristic only 
of the polydisperse bed and characterizing its geometry. 
The proposed functional dependence 

W = f ( D , ~ ;  A~_p ; p  ac ) 

should c h a r a c t e r i z e  the p o l y d i s p e r s e  s y s t e m  m o r e  
ful ly  than the ex i s t i ng  e r i t e r i a l  r e l a t i o n s  [9, 11, 12]. 

On the b a s i s  of the e x p e r i m e n t a l  data  on the f l u id i za -  
t ion of p o l y d i s p e r s e  beds ,  fo r  which rr e v a r i e d  f r o m  1 

to 50, we found that  th is  c omp le x  m u s t  e n t e r  into the 
r e q u i r e d  f o r m u l a  to the power  0.33. 

The r e s u l t s  Of an a n a l y s i s  of the e x p e r i m e n t a l  
da t a  on p o l y d i s p e r s e  beds  a l lowing for  the  ef fec t  of 
the  g r a n u l o m e t r i c  compos i t i on  by in t roduc ing  the c o m -  
p lex  r c  a r e  p r e s e n t e d  in F ig .  2, which c l e a r l y  shows 
the p e r f e c t l y  s a t i s f a c t o r y  a p p r o x i m a t i o n  of our  e x p e r i -  
men ta l  da ta  on the c r i t i c a l  f lu id iza t ion  ve loc i ty  of 
beds  cons i s t i ng  of s p h e r i c a l  p a r t i c l e s  ( p o l y s t y r e n e -  
m e t h y l m e t h a c r y l a t e  c opo lyme r - -M SN ,  s i l i c a  gel ,  s t ee l  
pe l l e t s ) .  The c o r r e s p o n d i n g  f o r m u l a  t a k e s  the fo rm 

Wf -~ cD n [ Ap ~0.6 ~0.33 
~ ' 

w h e r e  

c---- 0.025 and n--1.3 for  DM~3,  

c = 0 . 0 4 5  and n=0.765 fo r  DM>/3. 

NOTATION 

gi is  the m a s s  f rac t ion ;  x i is  the vo lume f rac t ion ;  
Pi is  the dens i ty  of the ind iv idua l  f r ac t ion ;  Wf = w f /  
/ (gv) l /3  i s  the d i m e n s i o n l e s s  ve loc i ty ;  D M = de(g/u2) 1/3 
i s  the d i m e n s i o n l e s s  d i a m e t e r .  
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